Changing agriculture current production practices (called conventional production system) to an organic production system can reduce the need for synthetically produced agricultural inputs, and thereby reduce emissions. However, this change may also generate other co-benefits (or costs) to society. The focus of this study is to evaluate the implications of converting a conventional agriculture production system to an organic one for greenhouse gas emissions, level of agricultural production, farmer net income, and for regional and national level changes. The analysis was undertaken for the three Prairie Provinces in Canada. Since there are several types of changes resulting from the conversion, a trade-off analysis was used to evaluate the overall desirability of the two production systems. The study concluded that converting land under a conventional production system to an organic production system reduces greenhouse gas emissions and improves farm income, Canadian gross domestic product, household income, and employment. However, it also results in a reduction in physical quantity of agricultural production, and thus has implications for food self-sufficiency.
Introduction
The impact of agriculture on the environment has come under increasing scrutiny (Hanley [1] ). Over the past century, the climate on earth has become increasingly warm IPCC [2] . Greenhouse gas (GHG) emissions are commonly believed to be one of the major root causes of climate change. These emissions occur both naturally as well as a result of human activity. Burning of fossil fuels and the generation of hydrocarbons are greatly disrupting the carbon cycle (the movement and storage of carbon). The human consumption of oil and coal, as well as the destruction of forests in both the developed and developing worlds has both increased carbon in the atmosphere and reduced the planet's ability to sequester carbon.
Scientists and policymakers around the world have identified agriculture as one of the major contributors to the world's GHG emissions (Rosenberg et al. [3] ). In Canada agriculture's contribution is estimated to be 62 Mt, equivalent to 8.4% of the total Canadian GHG emissions. This in not including transportation, input costs, or agri-food processing" Government of Canada [4] .
Organic farming (used in this study as synonymous to Organic Production System or OPS) is defined as a "system of managing agricultural holdings that implies major restrictions on fertilizers and pesticides" (Stolze et al. [5] ). The OPS is based on different crop farming practices, protection of the environment and promotion of sustainable agricultural development. It "pursues a number of aims, such as the production of products, which contain no chemical residues, the development of environmentally sensitive production methods, which avoid the use of artificial chemical pesticides and fertilizers, and the application of production techniques that restore and maintain soil fertility" (Stolze et al. [5] ). In addition, OPS utilizes beneficial management practices which incorporate mitigation strategies for reducing GHG emissions (Scialabba [6] ).
As OPS strives to combine tradition, innovation and science to benefit the shared environment and promote fair relationships and a good quality of life for all involved, an assessment of long-term environmental, economic, and social benefits relative to comparable conventional production system (CPS) is needed. Although the role of organic agriculture in mitigating GHG emissions is recognized, there may be some indirect impacts of converting crop area from CPS to OPS. For example, as demand for farm inputs contributing to GHG emissions (fertilizer and pesticides) decreases, some of the industries producing these inputs could be affected adversely. Ultimately this process may affect the level of regional economic development. Thus, a situation of trade-off between environmental protection and economic development may result from such a conversion. In Canada, there has been minimal research done on OPS's role in GHG mitigation or in identifying other benefits (or costs) to society. This study was undertaken to fill this void.
Study methods

Literature review
A review of studies indicates that there is wide agreement that OPS comes closest to an environmentally friendly agriculture. It is generally perceived as a form of agriculture that is more favorable for the environment than CPS. Abbas and Fares [7] suggest that OPS improves soil organic carbon and thus improves the soil structure, aggregation, fertility, water retention, and crop production. In addition, the OPS eliminates or reduces the use of many farm inputs required for CPS. Some example may include: the use of synthetic fertilizer, synthetic pest control mechanisms, among others. Niggli et al. [8] indicate that "organic agriculture reduces energy requirements for production systems by 25 to 50 per cent compared to conventional chemical-based agriculture." These changes could possibly make farming a carbon-neutral industry. Comparative studies of energy use show lower per unit-of-yield fossil fuel energy use in OPS relative to comparable CPS systems (Stolze et al. [5] ). Pimentel et al. [9] estimated that fossil energy inputs for OPS corn were about 30% lower than for CPS corn. In addition, Pimentel et al. [9] have reported that organic systems eliminate agrochemicals and reduce other external inputs to improve the environment and farm economics. Similar evidence has also been reported for German farms by Lotter et al. [11] .
In Canada, Parsons and Williams [10] reported that organic production system protects the environment, minimizes soil degradation and erosion, decreases pollution, replenishes and maintains long-term soil diversity, and provides care that promotes the health and behavioural needs of animals. It is also reported that OPS can enhance biodiversity through enhanced richness of flora and fauna, as well as benefit habitat diversity and landscape value. Alföldi et al. [12] found that the diversity of landscapes and production systems is greater on organic farms than on conventional farms.
Kasterine and Niggli [13] show that organic farming is so far the most promising approach for mitigation and adaptation to climate change. By comparing OPS and CPS in global vision, Badgley et al. [14] found evidence that organic agriculture has the potential to contribute quite substantially to the global food supply, while reducing the detrimental environmental impacts of conventional agriculture. However, the principal objection to the proposition that organic agriculture can contribute significantly to the global food supply are low yields and insufficient quantities of organically acceptable fertilizers. Nonetheless Badgley et al. [14] have indicated that organic methods could produce enough food on a global per capita basis to sustain the current human population, and potentially an even larger population, without increasing the agricultural land base.
The OPS is well placed to support local and regional economies. It has been argued that organic farming can provide rural development benefits through enhanced employment and closer connections with the local economy and give rise to greater economic and socio-economic linkages within rural economies (Lobley et al. [15] ). This system often requires more labour, thus providing rural jobs. The substitution of chemical inputs in organic agriculture generally results in higher demand for labour in comparison with CPS and therefore, should contribute to rural employment. Sumner [16] has concluded that in southwestern Ontario, organic farmers promote rural development by making a wide range of economic, social and environmental contributions.
Analytical framework for trade-off analysis
As noted above, the major objective of this study was to undertake a Trade-off Analysis (TOA). This analysis was undertaken for the three Prairie Provinces of Canada -Manitoba, Saskatchewan, and Alberta -using four indicators: (1) mesoeconomic indicator of total physical production of crops (2) microeconomic indicator of farm level profitability, (3) environmental quality indicator of GHG emission levels, and (4) macroeconomic indicator of regional economic growth. An overview of the study methodology is shown in Figure 1 . Figure 1 : Overview of study methodology to determine optimal production system.
RESOURCES
In order to estimate the above four indicator, three separate, but integrated models, were developed. These were: CRAM -Canadian Regional Agriculture Model (described in Kulshreshtha et al. [17] ), GHGEM -Greenhouse Gas Emissions Model (described in Sobool and Kulshreshtha [18] ), and CARDIOM -Canadian Regional Disaggregated Input-Output Model (described in Sobool and Kulshreshtha [19] ). While undertaking the TOA, levels of GHG emissions from OPS and CPS were compared against other impacts that result from such a conversion. This comparison then became the basis for a decision to be made by society on the more socially desirable option to adopt.
The crop rotation evaluated in this study was a six-year rotation, each crop grown once, as shown in Equation (1).
Alfalfa -Wheat -Barley -Flax -Oats -Peas (1) Since organic production is mainly confined to the Canadian Prairie Region (consisting of Manitoba, Saskatchewan, and Alberta), simulation of impacts of the conversion from CPS to OPS was undertaken for this region. In each of these provinces, a 10% of the cultivated area was subjected to this conversion, using equal share for each crop.
Source of data
For the purposes of this study, farm level data for CPS were obtained from CRAM files. These included yield and all major expenditures in the production of the above six crops in the rotation. Data for the OPS were obtained from the University of Saskatchewan [20] and Alberta Agriculture, Food, and Rural Development [21] .
Total production indicator was simply a sum of physical quantities under the two systems, each of which was obtained as a product of area and its respective yield in each region. The farm level economic indicator was estimated as Net Farm Returns over Variable Costs. To calculate producer returns, prices were collected from Alberta Agriculture, Food, and Rural Development [21] .
The environmental indicator -emissions of GHGs -was based on the area and cultural practices for each crop under each production system. The GHGEM was developed using IPCC Tier 3 methodology for various emission sources related to crop production. Total GHG emissions were converted into Carbon Dioxide Equivalent (CO 2E ) using a global warming factor for each of the three major gases as: Carbon dioxide = 1; Methane = 21; and Nitrous Oxide = 310.
The output of CRAM was also used to estimate regional economic activities in various Provinces using CARDIOM. This model estimates impact of the conversion on sectoral sales, gross domestic production of the region, household incomes, and employment levels. Since Canadian economy has open borders, interprovincial trade is a significant avenue for meeting local consumer and sector input demands. For this reason, the results for the Prairie region were used to estimate economic development impact for Canada as a whole. The difference between Canadian level impacts and the Prairie region impacts were attributed to inter-provincial trade.
Assessment of trade-offs
The TOA was undertaken from the accounting stance of Canada as a whole. The criteria used were: (1) total GHG emissions in CO 2E units; (2) farm level economic impact, as measured by net farm returns; (3) economic development impacts, as measured through change in gross domestic product at market prices; and (4) employment, as measured in number of jobs in full time equivalent.
Results
Results for each of the four indictors used for the TOA are shown in this section. In each case, the presentation is in terms of marginal change -OPS minus CPS.
Comparison of level of production impacts
From the standpoint of a producer undertaking the conversion from CPS to OPS, the level of production available for sale (or for internal use on farm) is an important consideration. Total production comparisons are presented in table 1 for the three Prairie Provinces as a whole. As noted here, there is a decrease in the total amount (physical weight) of production triggered by this conversion. Excluding the bulky forage crops (which are grown for cattle production), there is a loss of almost 2 million tonnes of food products resulting from this conversion. High maintenance crops, such as flax and peas, with a weak ability to compete against weeds and other pests, put OPS at a major disadvantage. The lower yields under OPS are a result of no herbicides being used to control weed populations, increasing the crop competition. 
Comparison of farm level economics
Although OPS yields lower levels of production, organic producers are compensated through higher prices for their products. This premium is a reflection of lower availability of organic product due perhaps to lower production levels and higher willingness-to-pay by consumers for these products.
Evaluating economic implications at the farm level requires analysis of two major elements: cost of production and gross revenue. Table 2 summarizes the differences in total on-farm returns under the two systems. The higher returns and lower input costs of OPS outweigh the total production benefit associated with CPS. Although field peas are marginally profitable in Saskatchewan, such is not the case in Alberta and Manitoba, thereby reducing overall returns to producers in the region. Here field pea price premiums do not compensate for the reduction in yields. In total, Prairie producers are better off by $756 million by following the study rotation and converting production systems from CPS to OPS. 
Comparison of GHG emissions
Converting farm land under a CPS to OPS in the Canadian Prairie Provinces reduces the total GHG emission associated with crop production. Results are shown in table 3. GHG are emitted from numerous activities directly and indirectly related to crop production, as listed in the table. For crop production, the primary source of CO 2 is the burning of fossil fuels for stationary combustion, and that for nitrous oxide is use of fertilizer for CPS. Estimates in table 3 suggest that under the assumed conversion, a reduction of 2.64 Mt of GHG emissions is estimated. These emissions mainly come from direct use of fertilizer (included under Direct Crop production), and indirect emissions and manufacturing of fertilizer are also responsible for 0.77 Mt of GHG emissions.
On a per unit of land basis, OPS emits only 621 kg ha -1 , where as the CPS emits 1,128 kg ha -1 . This is a 44.9% reduction in the total GHG emissions (table 4). As shown in Figure 2 , much of the reduction is through nitrous oxide, which constitutes 63% of the total GHG emissions. Figure 2 : Distribution of reduction from conversion from conventional to organic production system.
National and regional economic development impacts
Direct impacts of conversion from conventional to organic production system are only a part of the total impact on the economy. Production of agricultural commodities in the Prairies generates many spin-off effects in these provinces, as well as in other parts of Canada. Changing the make-up of the way in which regional activities interact will ultimately change the overall regional economic development. Table 5 shows these results for the three Prairie Provinces, for other parts of Canada, and for Canada as a whole. These results suggest that there will be an increase in GDP (in market prices), household income and employment in all three Prairie Provinces as a result of the conversion. Canada as a whole will also see gains in GDP, household income and employment, while regions of Canada outside the Prairie Provinces will see some negative impacts on employment level. Due to the conversion of the cropland, another $200 million in household incomes, $345 million in GDP, and there is an estimated additional 6,722 (fulltime equivalent) jobs across the Prairie Provinces. However, for Canada has a whole, a net gain in full-time equivalent is lower at 6,606 jobs. 
Trade-off analysis
Evaluation of the trade-offs that result from farmers adopting OPS in the prairies was accomplished by taking into account the four indicators: GHG emissions, net farm income, economic development, and employment. The TOA was undertaken from a national perspective. Results are shown in Figure 3 . Under this accounting stance, conversion of CPS to OPS is supported both on economic and environmental grounds. Here the GHG emissions are reduced for the country, the net farm income improves, and the national GDP and employment increases. The above results are under the present situation of a lack of market for selling carbon credits. However, if such a trading mechanism was in place and a value of carbon could be established, this would provide additional economic incentive, on a national as well as regional basis, to encourage such a conversion.
Conclusion
Conversion of land under a CPS to OPS was generally positive for both the Prairie Provinces and for Canada as a whole. GHG emissions were reduced by 2.64 mega tonnes of CO 2E yr -1 (amounting to 507 kg ha -1 yr -1 ) generating a major environmental benefit. Net farm income was estimated to increase by $260 million, whereas the Canadian GDP was estimated to increase by $382 million. Employment levels were estimated to increase by 6,722 full time equivalents in the Prairie Provinces. This was primarily in the grains and oilseed sector and related industries. There was a significant decline in total crop production for nearly all crops. In spite of this decrease, net farm income levels were offset through higher prices for organic products. These results suggest that conversion of agricultural land from conventional to organic agriculture would be a win-win proposition for Canada.
Because of the scope of the project, a number of limitations of the study can be identified. First, producers following either conventional or organic production system have a choice of a number of different crop rotations. This study evaluates a single crop rotation. This may have limited the ability to examine potential production and economic returns under alternate conditions. Second, organic markets continue to fluctuate over time. It is difficult to predict what the future of the market will be for organic products. Demand will influence price and increased production around the world may decrease the premiums on these products obtained by producers. A forecast of such demand and its use in future analysis deserves mentioning, but was deemed unusable for the current analysis. Third, this study compared the production system under the two practices. There may also be differences at the processing and related activities between commodities produced under conventional and organic production system. This may need further examination.
